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(57) Abstract 

The present invention relates to a confonrmal diamond-type carbon coating having an amorphous stnructure, as well as to a method for 
producing the same. This method comprises coronducting plasmic-chemical deposition of carbon onto a si substrate from a flow of carbon- 
containing active particles and using a rnicrowarave discharge during an electron-cyclotron resonance moodc. This method uses as starting 
reagents purified hydrocarbon pairs, the moleculiiles of which contain atoms of chemical elements with a 1 high electrical negativity such as 
oxygen or chlorine. This method allows for largcge variations in the chemical composition of the coating maiaterial, especially in its hydrogen 
contents. The diamond-type coatings thus obtaintied exhibit strong photoluminescence and cathodoluminescicence as well as various densities 
and an electrical resistance higher than the valulue that is characteristic of natural diamond. These coatinings are free from hydrogen, IR- 
transparent and completely absorb the visible specectrum. The conformity of the coatings obtained according tUo the present method makes them 
useful in applications onto porous nitration rnateririals which then acquire new properties. 
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npeanarae-rcfl KOHc^opMHHoe ajiMa3onoAo6Hoe yrnepoflHoe noxpbiTHHe c aMop^HOH 
cTpyxTypoH h cnoco6 ero nojiyyMeHHH, BJcmonaiouuiH n ji a 3 m oxm m h h ecKoe « ocaxuxeHMe yr- 
jiepoiia Ha ncmnoacicy H3 noTODKa yrjiepoflcojuepacamHx aKTHBHbix nacTHHu c noMombio 
CBH-pa3p«jaa b pexcHMe 3IJP, rnpH 3tom b KanecTBe hcxoahmx peareHTOB 3 Hcnojib3yiOTC>i 
napw HHCTbix yrjieBOixopo.aoB, , MOJieicyjibi KOTopbix coaepxcaT aroMbi xhhmhhcckhx 3Jie- 



MeHTOB c BbicoKOH 3JieKTpooTppHuaTejibHocTbio: HanpHMep, KMcnopoa m : xnop. Cnoco6 
no3BonaeT b ujhpokhx npejiejiaxx BapbHpoBaTb xhmhhcckhh cocTaB MaTepnaajia noicpbiTH*, 
b nacTHocTH, cojxepacaHHe BOjaoopcxaa. ripH 3tom nojiynaioTCH ajiMa3ononao6Hbie noicpbi- 
tm>i, o6Hapy>KMBaK>tuHe ctuibHyyio <|>oto- m KaToacxniOMMHecueHUHio, pa33JiHHHyio rrnoT- 
HocTb, 3JieKTpoconpoTHBJieHHe j KOTopbix npeBbiiuaeT BejiHHHHy, xapaicreppHyio mi* npH- 
ponHoro ajiMa3a. IloicpbiTHe, c:cBo6oz(Hoe ot Bcmopo/ja, npcxipaHHO b H£K-jntHana30He w 
nojiHocTbio norjiomaeT BHUHMbbm cBcr. 06ecneneHHe koh(J)opmhocth noKjcpbiTHH b npeja- 
naraeMOM cnoco6e hx nojiyneHHHH no3BOJi*eT HaHOCHTb mx Ha nopHCTbie : 4>HjibTpyiomHe 
MaTepHajibi, KOTopue nocjie 3Tooro npHo6peTaK>T HOBbie cbohctbu. 



HCKJDOqmTEJIbHO ajih uejieK hhoopmauhh 



Koam, Kcnonayeuue jsjlm c oooaHaseima cTpau-HJieHoa PCT ua tmy m>Hhix mcmx k 6pom»p, b Koropux 
ny6jofxyioTCJi MexcAyHapojume oawBKH b cootb«tctbuh c PCT. 
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CnOCOE nOJIYHEHUHH KOHOOPMHOrO AJIMA30IIOfl03EHOro 
yn/IEPOHHOrO nOKPMTPHH, TBEPflOE AJIMA30nO,aOEHOE WrJIEPOflHOE 
nOKPfclTHE H nOPHCTblifl *HJII>TPyiOmHft MATEPHAJI HA , HX OCHOBE. 

OSjiacmb mexnuKu 

5 ripcanojiaraeMoe M3o6ppeTeHMe othochtc* k yrnepoziHbiM ajiMa3Conono6HbiM no- 

KpbiTHflM m cnoco6aM hx nojiJiyneHHH H3 BbicoKopa3peHceHHOH ruia3Mbi>i CBepxBbtcoKO- 
nacTOTHoro (CBH) pa3pana b ppe>KHMe 3JieKTpoHHo-uHicjiOTpoHHoro pe30HHaHca (3I4P). 

AiiMa3onozio6Hbie rmeHHKH (Ann), bo mhoi-hx cjiynaax conep^cauiune BioxioHeHHa 
ajiMa3HOH $a3bi, Haxojurr b HHacroaxuee BpcMH npaKTHMCcxoe npKMeHeeHne 6jiaronapa 
10 cbohm, b nepByio onepenb, MexxaHHHecKHM CBOHCTBaM h omrHHecKHM xappaxTepncTHKaM: 

TBepilOCTH, H3HOCOCTOHKOCTH, : HH3KOMy K03(|>4>HIJHeHTy TpeHHH no OTHODUieHHIO K 60Jlb- 

uihhctbv KOHCTpyKiiHOHHbix MaaTepnanoB, bwcokoh TeruionpoBOHHocTH, , ManoMy norjio- 
meHHio b bhuhmoh o6nacTM cnneKTpa h bmcokomv K03<|>(t>HUHeHTy npenooMJieHH*. B pa3- 
jiHHHbix BapwaHTax npaKTHHecKKoro npHMeHeHHfl Ann nocnexiHHe BbicTynnaiOT jih6o b xa- 
15 qecTBe cpenbi zuw peajiH3auHH y Heo6xo,aHMbix 3,neMeHTOB CTpyKTyp m ycrpooncTB MHKpo- h 
onT03JieKTpoHHKM f jth6o - KaK ; noKpbiTHH pa3JiHHHoro Ha3HaneHHJi: 3auiHHTHbie, TenjiooT- 
BojwtUHe, aeKopaTHBHbie h T.r.n. npHMeHeHH* ajiMa3onojio6Hbix nneHOKK b MHxpoajiex- 

TpOHHKe H OnT03JieKTpOHMKe HHaKJiajXblBaiOT OC06bie TpeSOBaHHJI K HX 2 3JieXTpO(|)H3HHe- 
CKHM CBOHCTBaM H OnTHKO-3JieKKTpHHeCKHM napaMCTpaM: 3JieKTpOHHOH 3MMHCCHH, OnTHHe- 

* * 

20 CKHM CBOHCTBaM, JHOMHHeCUeHUUHH, 3JieXTponpOBOIIHOCTH« ULIHpHHe 3anpoeweHHOH 30Hbl. 

Peuiaiotuee 3HaMerine juix 4>opMMHpoBaHHa CTpyxTyp Ha ochobc ajiMa3ono;3iio6Hbix rnieHox 
HMeeT CTeneHb hx kohc})opmhocx:th (o6ecne4HBaioujeH tohhoc noBTopeHnee Mnxpopejibecfca 
nowio-XKYi) h B03M0HCH0CTb ynppaB/ieHH* ocHOBHbiMH pa6oMHMH napaMeTppaMH MaTepnana 
6e3 Hcnojib30BaHHa zipyrnx MaTTepnajiOB (nernpoBaHH*, MeTanjiH3auHH h ir.n.) h cjioacHbix 

25 TexHOHornsecKHx onepauHH (TTaKHX, k<xk HOHHaii HMrmaHTauHa, MOJiexxyji*pHo-ny4eBaa 
snHTaxcna, BaKyyMHoe HanbiJienHHe h T.n.). 

He MeHee Ba>KHOH o6nadCTbio npnMeHeHHa Ann HBJweTC* hx Hcno»jib30BaHHe b xa- 
qecTBe 3aiuHTHbix noKpbiTHH onnTHnecxHx ycTpoftcTB, pa6oTaioiUHX b pa3L3JiHHHbix iutana- 
30Hax aneicrpoMarHHTHoro H3Ji3iyHeHHH, hto npeanoJiaraeT cnetiH(()H mccxhhc Tpe6oBaHH* k 

30 orrrHHecKHM cBOHCTBaM MaTepHHana b pa6oMen o6jiacTH cnexTpa, b nacTHoocTH, HanpHMep, 
b HH(|)paKpacHOM (HK) iiHana30OHe. 

An* omhctkh pa3JiHHHbixx >k h hkoctch H ra30B ot TBepuwx MacTHu HHan6ojiee UJHpO- 

KO npHMeHHIOTCH MeTOJXbl 4>HJUIbTpOBaHH* B pa3JIHHHbIX MO/lH^HKaUHMHX. TeXHOHOrH- 

qecxoM ochoboh Bcex 3thx MeTCO/ioB SB/werca 4>HJibTpyioLUHH 3jicmcht, HVMeiouiMH nopw c 
35 pa3MepaMH, onpejaejweMbiMH xaapaxTepoM BbinojiHaeMofi 3a^aMH. <!>HJibTppyioiuHe a^eMeH- 
Tbi mix omhctkh ot KpynHbix HaacTHu MoryT H3roTaBjiHBaTbc» H3 .aocrraTOOMHo rpy6wx Ma- 

JIHCT B3A AMEH H3T>aTOrO (HPABHJIO 26) 
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TepManoB: tkehch, 4)HJibTpoBaribHHOH 6yMarH w T.n. - BnjioTb no HacbinHbix : MaTepnajiOB. 
B to ace BpeMU ohhom H3 HaH6ojieee aicryajibHbix 3anan hbjihctch pasiieneHHes cycneH3HH h 

3MyjTbCHM« npH peillCHHH KOTOpOHH C HCnOJIb30BaHM€M MCTOHOB <))HJIbTpaUMKH Tpe6yK)TCfl 

nocTaTOMHO TOHKHe 4>HJibTpbi c poa3MepaMH nop ot HaHOMCTpa (MOJieKyjuipoHbie MeM6pa- 

Hbl) JIO HeCKOJlbKHX MHKpOH. TaKKHe 4>MJlbTpyK>UUHe 3JieMeHTbI H3rOTaBJIMBaKX)TC» B OCHOB- 

hom H3 noJiHMepHbtx, KepaMHHecEKHX m MeTaruioKepaMHHecKHx MaTepnajiOBB (BioiK)Ma« h 

nopMCTbie MeTajIJIbl). IlpH CpaBHHHTCJlbHO BblCOKOM CTOHMOCTH MMKpO-nopDHCTblX 4>HJIb- 

TpyioiiiHX 3J1CM6HTOB (nacTO Ha3bi>iBaeMbix MeMSpanaMH), cpoK mx cny>K6bi ODrpaHH mch M3- 
3a MexaHHMecxoro H3HOca m M 3aa6HBaHH* n nop m ejiKonH cnepcH bi m h 3 arpo H3HeH hji m m b 
npouecce 3KcnjiyaTauHH. 

Oco6oe 3HaqeHHe ycTOHMHHBocTb 4>HJibTpyioiuero MaTepHajia k MesxaHMnecKOMy 
H3HOcy HMeeT npw c|)HJibTpauHH H«ecf>TH b npouecce noxiroTOBKM ee k nepepa66oTKe. Reno b 

TOM, MTO TeXHOJIOrHHeCKHe npOUUeCCbi BblTeCHeHMfl He(J)TH H3 nnacTOB (b oochobhom, bo- 

novi) Tpe6yK»T npHMeHeHH* noBeepxHOCTHO-aicrHBHbix BemecTB, Bbi3biBaK>uiUHx 3Myjibrn- 
poBaHHe Bozibi h oopa30BaHHe cpycneH3MH rjiMHMCTbix nacTHU m TBepzibix i ac4>aJibTeHOB. 
IlpH flEuibHeMiueM nepepa6oTKe ) Hec^TH HajiHHMe 3tmx nptiMeceti ct3bht ccepbe3HeHUiHe 
npo6jieMbi ohhctkh ot nHcneprHppoBaHHbix TBepnwx bkjikjmchmm, o6e3Bo>KHHBaHMfl h cb*- 
3aHHoro c hhm o6ecconHBaHHa : He(|)TM. OHJibTpbi M3 MexaHHMecKH npo^HHbix MHKpO- 
nopHCTbix MaTepwaJiOB o K a3 bi B a kiotch He3aMeHHMbiMH Taioice h b npouecce < ohhctkh He<J>- 
TenponyKTOB: TonjiHBa, cMa30MHKbix Macen h OTpa6oTaHHbix npo/xyicTOB. 

ripediuecmeyioinuu ypooeenb mexntucu 

H3BecTHbi MHoroHMcneHHbbie cnoco6bi ocaxcaeHHH. Ann H3 njia3Mbi 33JieKTpMMecKO- 
ro paspaaa pa3JTHHHoro THna, b ttom MHcjie h H3 njia3Mbi CBH-pa3psma b pexxcHMe 3UP [1- 
3], 3tmx cnoco6oB xapaicreppHbi pacnono>KeHMe no/uio>KKn b qkthbhoh t 30He paspa/ia 
(30He 3UP), nouana 3JieKTpn neccKoro cMemeHHH Ha noiuioacKy h pa6oMee .cnaBJieHHe ot I 

no 2000 na, a Taioice BbicoKaa iTeMnepaTypa nojouioacKH (ot 300 no 700°(*C), mto cyuie- 
cTBeHHO orpaHHMHBaeT Kpyr MaiTepHanoB, ncnojib3yeMbix b KanecTBe ocHOOBbi jxna HaHe- 
cenH* noKpbiTMH. 3th orpaHH4eeHH» csnaHbi b nepByio onepezib c TepMW*mecKOH MecTa- 
SwJibHOCTbio mhofhx MaTepwajiooB b ynasanHOM AHanaioHe TeMnepaTyp, aa Taioice c npa- 
MbiM B03iieHCTBHHeM HepaBHOBeecHofi njia3Mbi aKTHBHOH 30Hbi pa3p*ma Haa noBepxHOCTb 
nomioHCKH h (|)opMHpyeMoe noicppbiTHe. 

MaHHnyjiHpoBaHwe cocTaaBOM hcxoahoB ra30BOH cMecH nyTeM BBenceHHfl zxonoJiHH- 
TenbHbix KOMnoHeHTOB - flocTaTTOHHO pacnpocrrpaHeHHbiH cnoco6 ynpaBJiaeHM* tcxhojio- 

rHMecKHM pwKHMOM HaHeceHHH ymeponHbix noxpbiTHH. npnMecH BbinOJUIHHIOT pa3JIHM- 
Hbie (J^yHKUHH: ot MeTajuioopraHHHHecKoro KaTaiiH3aTopa [4] no xmmhhcckhh aKTHBHbix ra- 
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noreHCOjiep)KaiuHX npHMecew [55-7], o6ecneHHBaiouiHx xkmhhcckmi) TpaHecnopT yraepona 
b MeTOnax, aHajrorHMHbix Mercony ropaweH hhtm. B 3tmx npHMepax Hee Hcnojib3yeTca 
CBM-nJia3Ma 31JP pa3p5j.ua c nripwcy luhmm eft BbnueynoM*HyTbiMM npeHNMymecTBaMH, a 

TOHHafl JI03HpOBKa BBOjIHMblX IB CMeCb KOMnOHeHTOB HBJWeTCH BecbMa T]rpyflHOH TeXHH- 

5 necKOH 3ananeH. 

HaH6ojiee 6jim3kmm k nppejinaraeMOMy cnoco6y nojiyMeHH* noicppbiTHA aBJiaeTCH 
MeTOH ocaaaxeHHfl ariMa3onojio66Horo yrnepojaa M3 nnasMbt CBH-paspana 1 b pencHMe 3IJP 

[8], npH KOTOpOM nomiO>KKa BBblHOCHTCfl H3 30Hbl B03AeHCTBMH aKTHBHOHM HJia3Mbf. 3tO 

cHHMaeT caMbift cytuecTBeHHbiHH HenocTaxoK 6ojibLUHHCTBa cnoco6oB noj>jiyHeHH*i Ann, 

10 ho npw 3tom Tpe6yeTCH ijonojiHHHTejibHaa 3HeprH*?, nonasaeMafl b BHue BbiucoKonacTOTHO- 
ro Hanp«>KeHHfl Ha nomioaocy. m/iaiMa co3,ztaeTca b o6jiacTH BbinojiHeHH** ycnoBHH 3JieK- 
TpoHHo-uHKJioTpoHHoro pe30HaaHca 3a cqeT B3aHMoneifCTBHft CBH-H3JiyMaeHHa c MOJieicy- 
jiaMH HCxonHoro nJia3MOo6pa3yyiomero rasa - Bonopoaa. nojiaBaeMoro HeenocpencTBeHHO 
b aKTHBHyio 30Hy (30Hy 3IJP). ^ yrjiepoacoziepxcamMH KOMnoneHT nonaeTcca b 30Hy npeja- 

15 BapHTejibHO c(|>opMMpoBaHHoro> npH npoxo)KiieHHH nepe3 30Hy 3IJP noTODKa aTOMOB, ho- 
hob h 3JiCKTpoHOB. 3a cmct BToppHMHbix npoueccoB HHCcouKauHM h HOHH33auHM yrnepon- 
coflepjKauiHe MOJieKyjibi pacnaaaaioTCH h HOHM3HpyioTCH. noTOK aKTHBHbix ; MacTHU 3a cneT 
3Toro o6oramaeTC5i yrjieponoM,i, KOTopbift h o6pa3yeT Ann npw oca^caeHHHH Ha nojxno>K- 
Ky. MeTOii $opMHpoBaHHa noTCOKa rma3Mbi no 3TOMy cnoco6y Tpe6yeT v Hcnojib30BaHH* 

20 BOiiopojaa, a b KanecTBe yrjieppo.aco.aepHcamero KOMnoHCHTa hcxohhoh i ra30BOM cMecn 
npHMeHfliOTCJi ra3bo6pa3Hbie ynraeBOixopcabi: MeTaH, nponaH. aueTMJieH ■ - b pesy/ibTaTe 
qero yraepoziHbiM MaTepHaji nooKpbiTHH OKa3biBaeTC5i cymecrBeHHO rniipooreHH3HpoBaH- 
hwm tao 20°/o Bo/xopoaa). B iiaHHHOM cnynae BOHopon BbiCTynaeT He b KaqeccTBe npHMecw k 
yrjiepony, a HanpoTHB, ocHOBH«oe BeiuecTBo MaTepwajia noKpbiTH* npejaccTaBJweT co6oh 

25 xHMHHecKoe coenHHeHHe yrnepo^aa c BO/iopojiOM nepeMeHHoro cocTaBa. 

H3BecTHbi MHoroHHCJieHHHbie THnw Ann pa3JiHHHoro xaqecTBa h i cocTaBa [9-1 1], 
oTJiHMaiomHec« Meacny co6oh nno 4>H3HMecKHM cbohctb3m b ujhpokhx npeeaejiax, b 33bh- 
chmocth ot Hcnonb3yeMoro BappwaHTa ocaxcueHH* yrnepona Ha TBepnyio rnojuioxcxy. Xa- 

paKTepHblMM OC06eHHOCT«MH 3TTHX IUieHOK HBJWIOTCa: nJlOTHOCTb OT 1500) no 2800 Kr/M 3 , 

30 oTcyTCTB h e b MaTepnajre naoKpbiTHff BbipaxeHHOM KpncTajuiMMecKOOH crpyKTypbi 
(cTpyxTypw iiajibnero nopajiKaa), cjia6a* c|>oto- h KaToaomoMHHecueHHUHfi, yuenbHa* 
3jieKTponpoBonHocTb 10- ,0 -I0- 8 ( Cm/m, 3HeprH5i aKTHBauHH npoBOAMMOCTHH npn TeMnepa- 
Typax ot 0 no 400°C nopjuuca 1 1 sB, uiHpHHa 3anpeujeHHOH 3ohm no 2 3B3, a TaioKe - He- 

KOHcfcopMHOCTb, npHBOH5HUaH K < CrJiaKHBaHHlO MHKpOpejIbe4>a nOBepXHOCTITH nojyio>KKH. 

35 Han6oJiee 6jih3kmm k npeejxnaraeMOMy flBJiaeTcn TBep^aoe noKpbiTHee Ha ocHOBe an- 

Ma3onoao6Horo MaTepnajta c aaMop<|)HOH crpyKTypoft, coixep^Kaiuero BKJiHK>HeHHx ajiMa3- 

^x*ic;t x>oi>/*iYii<jn HiJ i>Jl rUl'U (lll*ABMJiO 26) 
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hom 4>a3bi m hc 6ojiee 20% aT. Bocaopcaa, no/iyneHHoe MerojxoM ra30(|)a3HOoro nna3MOXH- 
MHHecxoro ocaacaeHH* H3 CBM-l-paspjma b peacHMe 3IJP [12]. K h eAOCTanTK a m naHHoro 
noxpbiTHH cjicnyeT othccth to, hto npH oTHOCHTejibHOH npo3panHOCTH MMaTepHajia no- 
KpMTHH b bhzzhmoh o6iiacTM cneexTpa nornomeHHe b HK AHana30He secbMaa 3HaMHxejibHO 
5 H3-3a HajiMMMH npHMecH Bonoponna. 

H3no>KeHHoe aaeT ocHOBBaHHe cnejiaTb BbiBOii o tom, hto HSBecnrHbie Ann He 

BPIOJlHe yXXOBJlCTBOp^IOT npefl-bJbflBJIHeMblM MHKp03JieKTpOHHKOH H OnT033JTeKTpOHHKOH 

Tpe6oBaHMflM, a H3BecrHbie cnooco6bi ocaacneHwa He no3BOjwioT nonynaTirb npH hhdkoh 
TeMnepaType KOH(|)opMHbie ajiM«fa3onoiio6Hbte yrjiepoxmbie noicpbiTH*. Hee coaep/icamHe 
10 BOiiopona, c BbicoKMM 3jieKTpocconpoTHBJieHweM, LUHpoKOH 3anpeuieHHOH \ 3ohoh, o6jia- 
ixaKDiUHe BbicoKow TepMOMyBCTBHHTejibHOCTbio h no3BOJwiouiHe nenco ynpaBBHflTb HX 3JieK- 

TpO(|)H3HHeCKHMH CBOHCTBaMH. 

PacKpbtmue u3o6pemer*HUR 

15 H3o6peTeHHe peuiaeT sa^many co3naHHH TBepjioro KOH$opMHoro annMasononooHo- 

ro yrnepo/uioro noKpbiTMH c aMaopcJmoH CTpyKTypoii, no3BOJi*ioiuero BocnppoH3BonnTb Ha 
ero noBepxHOCTH HeoziHopoziHaocTH cy6MHKpOHHoro pa3Mepa, o6jiajiaiaoujero hh3koh 
3JieKTponpOBOHHOCTbK) h BbicoKKOH TepMOHyBCTBHTejibHOCTbio, KOTopoe, ob6jia,aa5i xapaK- 

TepHbiMH JXOfl Anil BblCOKHMM TBepHOCTbIO H OnOTHOCTbK), npaKTHHeCKHH He COflepHCHT 

20 BOiiopona. b pe3ynbTaTe Hero nppo3panHo b HK-jXHana30He. 

3to nocTHraeTca tcm, htto npemiaraeTca cnoco5 nojiyneHH* TBepjaaoro KOH(J>opM- 
Horo ajiMa3ononooHoro yrjieppo/iHoro noicpbiTHa, BKJiiOHaiouuHH nJia3BMOXHMHHecKoe 
ocaMcneHHe ymepona Ha nojuiorryKKy H3 noTOKa yrjieponcoaep/KauuHx aicTXHBHbix nacTHU 
(paiiHKajioB, aTOMOB. hohob), cco3naBaeMoro H3 HCxojiHbix yrjiepoaconepaaomHx peareH- 

25 tob c noMoiubio CBH-paspaaa i b peacHMe ajieicTpoHHo-uHKJioTpoHHoro poe30HaHca. npH 
3tom nojmoacicy BbiHOorr H3 sodhw B03neHCTBHa aKTHBHOH njia3Mbi v a ocaa/ieaeHHe senyT. 
Hcnonb3y« b KanecTBe HcxoAHorro peareHTa napbi HHCTbix yrjieBOjxopoziOB,;, MOJieKyjiw ko- 

TOpblX COHep>KaT 3TOMbI XHMHH«eCKHX 3JieMeHTOB C BblCOKOH 3JieKTpOOTpMMUaTeJIbHOCTbIO 

(KHcnopozia, xjiopa h T.n.)- 
30 J^pyrHM o6*beKTOM H3o6ppeTeHHfl hbjihctcji TBepnoe KOH$opMHoe ajinMa3onono6Hoe 

yrJiepo^Hoe noKpbiTMe c aMopp<|>HOH cTpyKTypoft, conepxcaiuee BKjnoneeHHfl ajiMa3HOH 
cj3a3bi, B kotopom a^Ma3ono,no65HbiH MaTepnaji npeiiCTaBJDieT co6oR HHCTbbiH yrjiepoji, to 
ecTb, HHUMBHnyajibHoe npocToes BeuiecTBo. npeAJiaraeMoe noKpbiTHe o6jiaanaeT bwcokoh 
TBepnocTbio h n/iOTHocTbio, npaaKTHHecKH Henpo3panHO ima CBeTa BHjocHMCoro zmana30Ha. 
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a b HK-nnanaBOHe He o6Hapyy>KHBaeT 3HaHHTenbHoro norjiomeHH* b o6itnacTH jxjikh bojih 

OT 2 JXO 25 MKM. 

Bbicoicaa KOH(J)opMHocTTb noKpwTMH no3BOJweT noJiynHTb nopMCTTbiM MaTepHan c 

MOilH()}HUHpOBaHHblMH CBOHCTffBaMH, HanpHMep, C nOBblUJeHHOM H3HOCOCTTOHKOCTbK>. Flo- 
5 3TOMy TpeTbHM o6*beKTOM H3C06peTCHHH HBJUeTCfl flOpHCTblH ^H-nkTPyroUUIHH MaTepMaJl B 

kotopom, Ha nopHCTyio ocHOBBy HaHeceHo TBepaoe KOH(|K)pMHoe ajiMa3oono,ao6Hoe yrne- 
poiXHoe noKpbiTHe, nojiyneHHcoe b cootbctctbhh c n.l , o6jiajiaiomee BbbicoKon MexaHM- 
HeCKOH npOMHOCTbK) H rHXtpoc|)t)o6HOCTbio. 

IlpeiinaraeMbiH cnocoSS saiuiioHaeTCfl b HaHeceHHH yivieponHorro noKpbiTHA H3 

10 nJia3Mbi CBH-pa3p*uxa b pewuxMe 3tJP 3a cmct njia3MeHHoro pa3Jio>fceHMH5i napos ynneso- 
aoponoB, conep)KamHx yrjiepooxu BoaopoA h 3JieKTpooTpHuaTejibHbie KOOMrroHeHTbi, npn 
iiaBneHHax b pa6oneH xaMepe,*, He npeBbiuiaiouiHx 1 Fla, Ha nojano>KKy, j pacnojioxceHHyio 
BHe 30Hbi 3UP, npH nnoTHOcTxax noTOKa CBH-moluhocth ot 2 no 50 kBtIt/m 2 (b TpaziHiiH- 
ohho Hcnonb3yeMbix eziHHHuaxx - ot 0,2 no 5 Bt/cm 2 ). Pokhm 3U[P jioctmm raeTCH b nna3Me 

15 CBH-pa3p*fla b MarHHTHOM nnone. ripw ncno/ib30BaHHH CB t 4-H3Jiy4eHHHfl wacTOTOM 2.45 
rVu b Tex TOHKax, rue msth HHTHafl HHnyKUHH cocTaBJweT 875 Tc, nacTCOTa uupKyjiauHH 
3JieicrpoHa BOKpyr HanpaBJiere'HH* MarHHTHoro nonn coBnanaeT c HqacTOTOM CBH- 
H3JiyHeHHfl t BCJiencTBHe qero sjieicrpoHbi HaqHHaioT pa3roH5rrbCH no CBeepxTepMHMecKHx 

3HeprHH. 3TO H eCTb yCJlOBMHH B03HHKHOBeHW5i 3JieKTpOHHO-UHKJIOTpOHHHOrO pe30HaHca. 

20 Tpe6yeMafl KOHcJmrypaima ^MarHHTHoro nonx co3naeTca nyTeM noDMeuieHHa CB 1 !- 
BOJiHOBona (oh ace ABJi5ieTCfl nnJia3MOTpoHOM) BHyTpb cneuwajibHO paccMMHTaHHoro cojie- 
HOHna. Ilojio>KeHHe 30Hbi, xwjih KOTopoii Bbino/iHfleTcn ycjioane bo3hhhkhobch h h 3LJP, 
onpe/iejifleTCH napaMeTpaMH ccojieHOKaa h KOHTponwpyeTCH HenocpeiicTBeeHHbiMH H3Mepe- 

HHflMH MarHHTHOM HHflyKUHH r npH HaJiaAKe TeXHOJIOrMMeCKOH KaMepbl. JXXn* 3C|H})eKTHBHO- 

25 ro HHHUHHpoBaHHH CBH-pa3ppjma Heo6xoAHMo, HTo6bi 30Ha 31JP cooBnaixajia c nyM- 

HOCTbK) CTOH4CH 3JieKTpOMarHHHTHOH BOJIHbl. Pa3MeUUCHMe nOiU105KKH B :30HC 3LJP H3MC- 

HHeT ycnoBHfl ropeHMJi pa3p*maa. KpOMe Toro, b 30He 3IJP B03HHKaeT o66jiacTb 3kthbhoh 

nJia3MbI C BbICOK03HepreTHHHOOH 3JieKTpOHHOH KOMnOHeHTOM, B3 a H M OIieH W CTB H e KOTOpOH c 

noBepxHocTbio nozuio>KKH cymuecTBeHHo cHH>KaeT cKopocTb pocTa yrviepoojiHOH ruieHKH h 
30 pe3Ko H3MeHHeT ee cbohctbs. . FIoaTOMy noiuioncKy bmhocht H3 30Hbi CE3IJP. riono6Hoe 
npocTpaHCTBeHHoe pa3neneHH«e 30Hbi njia3Moo6pa30BaHH* (B036y/KfleHH*a. pa3Jio>KeHHJi h 
HOHH3auHH ra3a) h o6nacTH c{(t>opMHpoBaHHfl noKpbiTHH ycTpaH^eT npHNMoe B03,aeHCTBHe 
BbicoK03HepreTHMHOH 3JieKTpooHHOH KOMnoHCHTbi Ha noBepxHocTb nojxnnoacKM M $OpMM- 
pyeMoro noxpbiTHH h 3aiUHiuaaeT no/uioacKy ot mhtchchbhoto sneKTpoMaarHMTHoro H3Jiy- 
35 hchh* (3a cneT 3KpaHHpoBaHHHfl noiuiOHCKM 30HOH pa3pniia). YBejinMeeHHe paccTOH hhji 

nOAHOHCKH OT 30HbI 3LJP fipHBBO/lMT K BblpaBHHBaHHK) paHH£UIbHbIX TpaXtKHeHTOB FIOTOKa K 
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MOMeHTy B3aHMOHeHCTBHH aKTHBHHblX MECTHU C ee HOBepXHOCTblO H CHH)K6HHHK) TeMIiepa- 

Typw noimo>KKM b npouecce HaHHeceHH* njiemcH. ripw stom, o/xHaKO, CKCopocrb pocTa 
nJieHKM yivieHbUjaeTcsi BCJiencrBHe 2 penaxcauuH aKTHBHbix qacTwu KaK Ha creeHKax peaKTO- 
pa, TaK m npH B3anMHbix coyixapeeHHax jio jiocTHXceHHfl noBepxHOcrn nojuio»>KKH. npncyT- 
cTBMe b HcxonHbix peareHTax kommhohchtob, conepacaiuHx aTOMbi aKTHBHbuix HeMeTajtnoB 

(XHMHMeCKHX 3JieMeHTOB C BblCOKKOH 3JieKTpOOTpHUaTeJIbHOCTbK>) npHBOJXHHT K pe3KOMy 

na^eHHio KOHUCHTpauMH cBo6oziHHbix ajiexTpoHOB, mto cnoco6cTByeT ocaaoicaeHHio Kane- 

CTBeHHOH KOHtfcopMHOH yrJiepOHUHOH nJieHKH. PaCCTOHHMe OT 30Hbl 3LIP/, Ha KOTOpOM 

nonMCHa 6biTb pa3MemeHa nojuioaacKa zuia nojiyMeHH* 3aixaHHoro pe>KHMa oocaacneHH* yr- 
jiepojaa, 3aBHCHT ot jihhchhoh ckkopocth noTOKa aKTHBHbix MacTHU h KHHerTMKM pejiaKca- 
uhohhwx npoueccoB. OnpenejieHHHe 3Toro paccTOHHH* b o6meM cnynae Tpefe6yeT peuueHH* 
cjiohchoh KHHeTHHecKOM 3a#aMH c 2 yneTOM npoueccoB ;iH<J>(|>y3HH peareHTOB eb pajananbHOM 
HanpaBJieHHH, peKOM6HHauHH aKTTHBHbix MacTHU b o6*beMe h npHHyaHTejibHHoro Maccone- 
peHOca b HanpaBJicHHOM noTOKe; aKTHBHbix nacTHu ot 3onbi 3UP k nozmao>KKe. BaacHo, 
ouHaico, mto cnaxi ckopocth pocxTa nixeHKH conpoBoacnaeTc* noBbtiueHMeM 1 paBHOMepHo- 
cth ee ocaacneHH* m poctom kodh4>opmhocth. ripaMbie onbiTbi noKa3aJiH,i, mto npH hc- 

nOJIb30BaHHH HH3KHX JiaBJieHHfi (<(0.01-l Ila) paCCTOflHHe TlOiUIOMCKH OT 30HUbl 3UP M05KCT 

iiocTwraTb necsrrKOB caHTHMeTpOBB, TeM He MeHee njieHKa pacTeT c 3aMeTHofi \ cKopocTbio. 

OnncaHHbiH cnoco6 co3naaHHfl noTOKa aKTHBHbix MacTHU no3BOJiaeT : Hcnonb3oaaTb 
b KaMecTBe pa6oMero ncxoflHoro > peareHTa He CMecn, a napw pa3JiHMHbix mhhctwx ymeBO- 

ilOpOZlOB. C TeM, MT06bt CHM3HTTb KOHUeHTpailHIO B nOTOKe CB060HHblX C DJieKTpOHOB M 

ynpaBJWTb cocTaBOM MaTepnajiaa ymeponHoro noKpbiTHa 3a CMeT XHMHMeecKHX peaKUHM 

yraepOjaa H BOZlOpOHa C aTOMHMHH 3/ieMeHTOB C BblCOKOH 3JieKTpOOTpHUaTeJ2JIbHOCTblO t na- 

mh npHMeHeHbi pa3/iHMHbte KHCJiaopoiicoflep^caiuHe yrjieBoaoponbi. KanecTTBeHHbie onTH- 
MecKH npo3paMHbie w KOH(J>opMHHbie noKpbiTHH nojiyMeHbi c Hcnojib30BanHHeM aueTOHa 
(aTOMHoe cooTHouieHHe C:H:CO= 3:6:1) h nponaHOJia-2 (aTOMHoe cooTHOuueHHe 
0:0:0=3:8:1). BMecTe ctcm, npHHcyTCTBHe b nna3Me aTOMOB xhmhmcckhx 3JineMeHTOB c bm- 

COKOH. SJieKTpOOTpHliaTeJIbHOCTbblO, CnOC06HbIX SCjxfceKTHBHO XHMHMeCKH C CBH3bIBaTb BO- 

flopozi, no3BonaeT H36e>KaTb rHHnporeHH3aiiHH MaTepnajia yrjiepoiiHoro nnoKpbiTH*. JXnn 
peuieHHfl stoh 3anaMH HaMH nppHMeHeHbi pa3JiHMHbie xJiopnpoBaHHbie yyrneBOziopoiXbi. 
YcTaHOBJieHO. mto npn Hcnaojib30BaHHH iiHXJiopMeTaHa (aTOMHoe cooTHouieHHe 
C:H:C1= 1:2:2) ynaeTca nojiyHHTTb ajiMa3onojio6HbiH ymepoiXHbiH MaTepHHan. He conep- 
HcauiHH Bonopona. 
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Kpanucoe onucanue <ppu2yp 

Onr. I. OoTOJiiOMHHecuaeHUH5i c yniepoflHbix noKpwtMH, nonyMeHHHbix M3 nna3Mbi 
3UP-pa3p>ma. 

Ohi\ 2. Cneicrpbi KaTOAaojiioMMHecueHUHH yrneponHoro noicpbiTHHfl h anMa3Horo 

KOMn03HTa. 

<t>wr. 3. PaMaHOBCKMH ccnexTp 6e3BoaopojxHoro yrnepoflHoro aJivMa3onoflo6Horo 

nOKpblTHfl. 

<t>m\ 4. HK-cnexTpbi yrjuieponHbix noxpbiTHH. 

<Phi\ 5. TeMnepaTypHaa : 3aBHCHMOcrb ajiexTponpoBcmHocTH yniepoonHbix njieHOK h 
npHpojiHoro ajiMa3a. 

<t>Hr. 6. 3jiexTpoHHaa MMHxpo<j)OTorpa(j)H5i nonepeqHoro CKOJia o6ppa3ua yrjiepon- 
Horo ajiMa3onono6Horo noxpbttiTH* Ha KpeMHHH. 

Bapuanm ocymecmeaxeHua ujoopemenun 

npe;uiaraeMbiM cnoco6 5 HcnoJib30BaH jum nojiyMeHH* cepHH npo66Hbix o6pa3UOB 
noKpbiTHH Ha KpeMHHH, onTHMsecKHx cTeioiax h nopHCTbix MeTaruioKepaaMHMecKHX mcm- 
6paHax (cm. npHMep D). FIojuinoHcxa 3axpenjuuiacb Ha nooiBH'/KHOM nomicoMCKOjaepyKaTejie, 
o6ecneMHBaK)UieM oceBoe nepeeMemeHHe nonno>KXH b npezxejiax TexHonorrHMecxoro o6i>e- 

Ma ycranoBKH. YcTaHOBKa repiuMeTM3HpOBajiacb h OTxaHHBaxracb no jiaBJieeHHfl 2 10° Yla. B 
CHcreMy nojiaBajicH pa6oMHH rra3 - napbi aueTOHa (npHMep A), H3onponaHHOJia (npHMep B) 
hjih iiHXJiopMeTaHa (npHMep CC) - c takhm pacxoziOM, hto6w o6ecneHHBBajxocb naBJieHHe 
0.3 ria npn nocTOflHHOH CKopoocTH OTKanKH. 3thm co3AasajiHCb ycjioBHHA nj\n opraHH3a- 
uhh HanpaBJieHHoro noTOxa HuacTHU nepe3 30Hy 3IJP k nonnoacxe m naanee - k cncrreMe 
oTxaMKH. 3aTeM 3a>KHrajiH CBBM-paspaa. IlepeMemeHHeM nonno>KKOiiepp>KaTejifl ycraHa- 
BJiHBajiH noxuiO/Kxy Ha Bbi6paHHHOM paccTOHHHH. J^ocTHrHyTan npn BapbbHpoBBHHH ycjio- 
bhh axcnepHMeHTa Ha paccTOHHHHH noiuiOHCKH ot 30Hbi 3UP 65 mm cxopoocTb pocTa nneH- 
kh cocTaBJiHeT b o6menpHHHTiTbix exiHHHuax 6 MKM/nac (npoTHB 1-2 mmxm/h ac una M3- 
BecTHWx cnoco6oB - aHajioroB)i). 

IlonyMeHHbie onncaHHbMM cnoco6oM noxpbiTHa HccnenoBaHbi MeTCojaaMW paMaHOB- 
cxoh cnexTpocxonnH h HH^panxpacHOH cnexTpocxonHH c Hcnojib30BaHHereM Me*rcma Oypbe 
(Oypbe-HK-cnexTpocKonHH), xaTOnoJiiOMHHecueHUHH, onrHMecxoH cnnexTpocxonnn b 
bhuhmom h YO nnanasoHax, aa Tax^ce H3MepeHHH TeMnepaTypHon 33bhchhmocth 3nexTpo- 

npOBOiXHOCTH. 
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M3BecTHO, hto o6uxenpHHHaTbiM npH3HdKOM HajiH4M5i b Ann ajiMS3HHOH cj)a3bi cny- 
hcht nHK paMaHOBCKoro pacceaHHHa npH 1332 cm 1 , ho b npwMepax AhB 3TTOT nHK Bbme- 
jiHTb Ha cf)OHe cMJibHeHiueM 4)OTODJiK)MMHecueHUHH He yaaeTca. TaKOH ace 3<t4>4)eKT Ha6nio- 
ixaeTCJi una noKpbiTHa. nonyneHH«oro no cnoco6y-npoTOTHny [8]. GneayeT, comiaKO, otmc- 
THTb, hto una Hauiero noKpbiTHaa nioMHHecueHUMa Heo6b!MHO BbicoKa. Ha i 4>nr. 1. npeji- 
CTaBneHbi cneKTpw KOM6HHauwcoHHoro pacceaHMa (paMaHOBCKMe cneKTpubi) ajiMa3ono- 
ho6hwx noKpbiTMH, THnnHHbix inn* H3BecTHbix cnoco6oB HaHeceHwa - aaaaJioroB (la) h 
iiByx noKpbiTHM, nonyMeHHbix nno onucaHHow Bbttue TCXHonorM h (16 m Ieb). Hhtchchb- 

HOCTH CneKTpOB npHBeneHbl K CppaBHHMbIM yCnOBHHM H3MepeHHH. J^aHHbtei nOKa3blBaiOT, 

hto yrneponHbie noKpbiTHa, nonnyneHHbie npejttnaraeMbiM cnoco6oM, o6nappy>KHBaK>T Ha- 
cTonbKO cnnbHyio (J)OToniOMHHaecueHUHio, hto co6ctbchho jihhhh KOM66HHauwoHHoro 
pacceaHMa Ha6nionaTb He yaaeTcca (npHMenaTenbiio, hto juw cneKTpa Ib HHirreHCWBHocTb b 
2.5 10 6 pa3 npeBbiuiaeT THnHHHbkifi npupoiiHbiH ypoBeHb cneKTpa la). WHjmwKaTopoM Ha- 
jihhhh b noKpbiTHM anMa3Horo yvmepona MoryT cny>KMTb aaHHbie KaTononKioMHHecueHUHH 
($H.r. 2). CneKTp KaTOnomoMHHeecueHUHH wccnenoBaHHoro ajiMa3onoiio6H«oro noKpbiTMH 
HMeeT nHK, coBnanaiouiHH no nnojioaceHMio c fihkom KaTononioMHHecueHiiUHH b cneKTpe 
anMa3Horo KOMno3MTa, npHBeaeeHHOM mix cpaBHeHHsi (cp. (j)Hr. 2a h 26). 

Ha <|>Hr. 3. npencraBneHH cneKTp KOM6HHauuoHHoro pacceaHMa i (paMaHOBCKHH 
cneKTp) noKpbiTHfl, nonyneHHorro no onwcaHHofi TexHonoruM npH aaBneKHHW 0.3 ria M3 
nna3Mbi napoB nnx/iopMeTaHa ((npHMep C). B cneKTpe HaonioaaeTca xappaKTepHaa juia 
Ann nojioca npn 1570 cm**, ho > npoaBJiaeTca m nHK npn 1317 cm* 1 . Hsbcctitho,, mix hhcto- 
ro anMa3a xapaKTepeH nHK paMaaHOBCKoro pacceanna npn 1332 cm-', opnaeHTHpoBaHHbifi 
rpac|)MT (G-rpacJ>HT) aaeT nonocyy npn 1380 cm* 1 . npMBeneHHbie iiaHHbie KaanecTBeHHO no- 
Ka3biBaioT HanHHHe sp ? -rH6pHiuiH30BaHHoro yrnepona (xapaKTepHoro ixuin ajiMa3HOM 
4>a3bi) b nonyneHHOM MaTepHanae yraepojiHoro noKpbiTHM. OueHHBaTb coooTHomeHMe ko- 
jTHnecTB "anMa3Horo m HeanMa3BHoro yraepojia" no paMaHOBCKHM cneKTpaaM Ann H3 co- 
OTHomeHHfl nHKOB npn 1317 h 1570 cm 1 , KaK 3TO 3aHacryio iienaeTca b jnHTepaType, He 
BnojiHe KoppeKTHo b CMJiy 4>H3i3MHecKHX npHMHH jiHCKyccHOHHoro xapaKXTepa, KOTopwe 
3«aecb no/ipo6Ho o6cyacaaTb Hee npeflcraBnaeTca B03MOHCHMM. CooTHOuiueHHe, KOTopoe 
nonynaeTca H3 xiaHHbix <J>Hr. 3, , noKa3biBaeT. hto npoueHT sp 3 -rH6pHzut3COBaHHoro yrne- 
pojaa b MaTepHane noKpbiTHa coocraBnaeT okojio 45%. CXaHaKO, 3tot npouaeHT He aBnaeTca 
o/iH03HaHHbiM noKa3aTeneM KODHueHTpauHH anMa3HOM <J>a3bi: TOHHoe ee • 3HaneHHe 3THM 
cnoco6oM onpeixenHTb hcbo3Mo:»kho. 

CocTaB nonynaeMoro yrrnepoaHoro noKpbiTH* KOHTponwpoBanca mkctohom Oypbe- 
HK-cneKTpocKonMM. CooTBeTCCTByiouiwe cneKTpbi npHBeaeHbi Ha fynr. 44. npejicTaBneH 
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ynacTOK cneKTpa, b kotopom paacnonaraiOTC* nojiocbi noraomeHH* ochobbhmx (|)yHKUHO- 
HajibHbix rpynn, cojxepxcauiHXcafl b MaTepwane yraeponHoro noicpbtTHa. JX^annhic noica3bi- 
BaiOT, hto b nojiyMaeMbix H3 ziHHxnopMeTaHa noKpbtTHHX (npwMep C), b ootjihhhc ot th- 
nHMHbix Ann (npHMepw A m 1 B) t OTcyTCTByioT cJjyHKUHOHanbHbie rpynnnbi CH 2 , CO m 
5 OH, mto npuBOiiHT k OTcyTCTBKMio 3aMeTHoro nornomeHM* b AHana30He oot 2 no 25 mkm, 
TpaiiHUHOKHo Hcnojib3yeMOMy nxuin neTeKTHpoBanna HK-H3nyHeHHJi. nponnycKaHHe b bh- 
hhmoh o6iiacTH npaKTHMecKH OTcyTCTByeT, no3TOMy nojiynaeMoe noKfcpbrrwe mohcho 
ycjioBHO Ha3BaTb nepHbiM. rpaBBHMeTpHHecKHe H3MepeHHA noKa3ajiH, mto > nJiOTHocTb an- 
Ma3ono,no6Horo MaTepnana ncoicpbiTHfl b npHMepe C cocTaBjmeT okodjio 2900 kh/m 3 
10 (rpacJ)HT MMeeT nnoTHOCTb 21503 ki7m 3 , ajiMa3 - 3300 Kr/M 3 ). HbMepeHH* TrBepjaocrrw yrne- 

pOJXHblX nOKpblTHH OCJIO>KHeHbl TeM* MTO OHH MM6IOT HCZlOCTaTOHHO XOpOULUyK) ajire3HK> K 

6oJibuiMHCTBy KOHCTpyKUMOHHbbix MaTepwanoB. HaM yxiajiocb. Hcnojib3y*fl cneunanbHbie 
MeTojibi vnyMtijeHHfl aixre3HH, H«e HBnfliomHeca npenMeTOM onwcbiBaeMoroo n3o6peTeHM«, 
nojiyHHTb naHHbie no npoHHOCTTHbiM xapaKTepncTHKaM HaHeceHHbix noKppbrrnw npw Me- 

15 xaHHMecKOM Harpy>KeHHM. Meirrozi no3Bon«eT oueHMTb hh>khk>k> rpaHHwuy BenHMHHbi 
TBepnocTH MaTepwajia noicpbiTHftfl, onpcnenaeMyio MexaHHMecKofi npoMHOCTTbio nozuioacKH. 
nojiyMeHHbie mix noKpbiTHM Hai TBepiiocnjiaBHbix MaTepnanax naHHbie cb b h jieTeji b ctb y iot 
o tom, mto TBepnocrb nonyMaeMvioro onHCbmaeMbiM cnoco6oM H3 CBM-pa33pana b pexcHMe 
3UP ajiMa3onoao6Horo noicpbntTHfl npeBbtmaeT 25 ITIa. 

20 no BejiMMHHe Kpaa onTMnnecKoro nornoiueHH* noKpbiTHJi H3 naHHhbix onTHHecKOit 

cneKTpocKonHH onpeneneHa uiHwpHHa 3anpeujeHHOH 30Hbi o6pa3yiomero eero yrnepojiHO- 
ro MaTepnajia. OHa aocTHraeT 33.5 3B. Taicaa uinpHHa aanpemeHHon 30Hbi i no3BOJiaeT pac- 
cHHTbiBaTb Ha noJiyneHHe cHHerco cBeMeHH* b onTOsneKTpoHHbix ycTpoficTBBax Ha 6a3e no- 
nyqenHbix ajiMa3onoiio6Hbix nnoKpbiTHH. npo6neMa >Ke co3/iaHH« cHHaero cBeTOM3Jiy- 

25 naioiuero 3JieMeHTa Ha ceroAHJi um hh h zieHb - on Ha H3 ocTpenuiMX b onToaneeicrpoHHice. 

TeMnepaTypHan 3aBHCHM.viocTb y^ejibHOH sneicrponpoBOHHOCTH noDJiyseHHoro an- 
Ma3onono6Horo noKpbiTH* npejwiCTaBJieHa Ha 4>Hr. 5 (a m 6). JXnn cpaBHeBHH* Ha (fcwr. 5b 
npHBeneHbi naHHwe xum npwpo;>HHoro ajiMa3a. Bh«hho, mto ajiMa3onozio66Hoe noicpbiTHe 
npH KOMH3THOM TeMnepaType hnmcct sneicrponpoBoziHocTb !0 U Cm/m, Ha r nopanoic HM>Ke, 

30 MeM anMa3, w Ha HecKOJibKO noppaaKOB hhjkc, MeM ajiMa3onono6Hbie noKppbiTH^-aHajiorH 
(4>Hr. 5r). npH 3tom HaH6ojiee 5 bs^ho, mto b o6nacTH 350-450°C Ha6jiiaojaaeTcn pe3Koe 
B03pacTaHHe 3JieKTponpoBOiiHoocTH (Ha 1 1 nopanicoB BenHMHHbi!) c TeMnaepaTypHbiM ko- 
3(|)(|)HUHeHTOM 6ojiee 10 8 K* 1 . yMHHTbrBaa, MTOiuw ajiMa3a 3Ta BejiHMMHa He \ npeBbimaeT I0 6 
K* 1 (TaKHe >Ke BejiHMHHbi xapaKTtrepHbi h win Ann, nojiyMeHHbix no cnoco65aM-a«ajioraM - 

35 c|)Hr. 5r), mohcho jierKO nojacMHTTaTb, mto TeMnepaTypHbiii K03<}><|)HUHeHT 3J3JieKTponpoBozi- 
hocth noKpbiTHM, nojiyMeHHoroD no npeiinaraeMOMy cnoco6y, npesbiiuaeTT 3HaMeHMe una 
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ajiMa3a 6ojiee, neM Ha jroa nopjuuxKa. 3to aaeT B03M03KHocTb Mcnojib30BaTbb nojiyneHHbiM 
yrjiepojaHWM MaTepHaji b KaqecTBee peniCTpHpyiomeH cpenbi una Ten/iOBoro HM3JiyHeHHH. 

XlaHHbie, npHBeneHHbie Ha i 4>ht. 5 (a m 6), noKasbiBaiOT, mto nocjie Hanrpesa noKpbi- 
THfl Bbiiue 450°C aneKTponpoBOPflHocTb ee B03pacTaeT no 0,01 Cm/m Heo65paTHMo. 3to 
rblct B03MO)KHOCTb ynpaBJieHH* 3aneKTpo$H3MHecKHMH napaMeTpaMH nojiyHneHHoro yrjie- 
pojLHoro MaTepwana b uiHpoKHX i npenejiax, npHMeHaa ixocTaTOH ho MHrxae TcenjioBbte bo3- 
^eficTBH5!, HanpHMep, c noMouibbio na3epHoro nyna HeSojibtuoH moiuhocthh. Tanaa bo3- 
MO>KHocTb OTKpwBaeT npecneKTHHBy npHMCHeHHfl aeuieBOM H npocron jia3ecpHo-jiyqeBOH 
jiHTorpa(|)HH una <J)opMHpOBaHHHH b MaTepHane nojiyMeHHoro noKpbETHK rnaccHBHbix, a 

B03MO>KHO, H SKTHBHblX CTpyKTypp - 3JieMCHTOB MHKpO3JieKTpOHHOI*0 yCTpOHQCTBa. 

3jieKTpoHHaa MHKpo4>OTODrpa(t)H5i nonepeqHoro cKona nomioacKH c aajiMa3onojio6- 
HbiM noxpbiTHeM, HaHeceHHbiM nao npejuiaraeMOMy cnocoSy, npencraBJieHa i Ha $Hr. 6. Ha 
(})OTorpa(J)HH MeTKO npofleMOHCTppnpoBaHa BbicoKaa KOHcfcopMHOCTb nueHKHH: cv6mhkpoh- 
Han uapanHHa Ha noBepxHocTH : noxuioacKW BocnpoH3BOHHTCH Ha noBepxHHocTH necaTM- 

MHKpOHHOH nneHKH npaKTHHeCKKH 6e3 HCKaweHHM. 3TO nOKa3blBaeT B03MOI»KHOCTb C Bbl- 

cokoh TOHHOCTbio nepeHOCHTb MHHKpopcjibcc}) nomioaocH Ha noBepxHOCTb nooKpbiBaiomero 
noKpbiTHH, hto xpaiiHe bu'/Kho zuma npHMCHeHHH, HanpHMep, b o6iiacTH TexHHOJiorHH (|>op- 

MHpOBaHHfl pa60MHX CTpyKTyp - : 3JieMCHTOB MHKpODJieKTpOHHKH. 

TaxaH BbicoKan KOH(|)opMHHOCTb noKpbiTHJi npHBOiiHT k MbicjiM HaHeccTH ero Ha no- 
pHCTbiH MaTepwaji c tcm, HTo6bi h MOjXH<|)HUHpoBaTb ero cBOHCTBa, b nepByio> onepcab - H3- 
HococTOHKOCTb. npejinaraeTca 44)HJibTpy*OLitHM MaTepHaji, Ha KOTopbiH HaHaeceHa anMa30- 
nono6na5i aneHKa Ann, o6jianaaioiiiaH BbicoKon MexaHwnecKon npoMHOCTTbio h, KpoMe 

TOrO, THJipOC|D06HOCTblO. FIpH 3 3TOM C HCnOJIb3QBaHHeM MCTOHa OCaHCHeEHH* AIHI H3 

nna3Mbi CBH-pa3p*iia yjiaeTca ,aao6HTbca o6pa30BaHHfl TOHKonJieHOHHoro aajiMa3onojao6- 
Horo noKpbiTHH He TOJibKO Ha bhmuhmoh noBepxHocTH, ho h BHyTpH MHKponnop. B pe3y/ib- 
TaTe (J>HJibTpyioiUHH 3JieMeHT, H3 d totobjich h bi h H3 nopwcToro MaTepnana c / Ann, npno6- 
peraeT BbicoKyio ycTOftMHBocTb i k MexannnecKOMy H3Hocy. Bojiee Toro, BbbicoKan rnjipo- 
4>o6HocTb noKpbtTH* o6ecneMHB3aeT AonojiHHTenbHbiH TexHHHecKHH acJxfceiocT, b p*me cny- 
MaeB MoryuiHH HMeTb peuianiomee 3HaqeHHe: npo6ycxan HenoJiapHbbte mchukocth 
(HanpHMep, He(|)Tb w HecfrrenpojanyKTbi), $HJibTp c TaKMM aneMeHTOM cnocoo6eH 3anep)KW- 
BaTb h OTixenHTb 3MynbrMpoBaHHHyio b hhx BOjiy. 

B KanecTBe npwMepa naopncToro (^HJibTpyiomero MaTepHana pac.cc m aTp h b a ctch 
cneuyioinee. 

J\six MeTajinHMecKHx MeMw6paH H3 Hep^KaBeioiueH crajiH HaHeceHMee ymepoiXHoro 
nueHOHHoro noxpbiTHH, nojiynecHHoro H3 CH2CI2 (npHMep D), CHHMcan HHa 20% o6uiee 
nponycxaHHe MeM6paHbi, b to BpeM« 3aMeTHO yMeHbiuaeT nponycKaHHne no BOjie h 
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npaxTHwecKH Ha nop*noK yBcenHMHBaeT H3HOcocTOHKOCTb MeMSpaHbi. (CpaBHHTejibHbie 
xapaKTepncTMKH nopncToro (J^HJibTpyioiuero MaTepHana npHBeneHbi b Ta66jiMue 1 . 

Ta6iiMua I. 

5 CpaBHMTejibHbie xappaKTepMCTMKM MeM6paH M3 nopwcroro cjDMJinbTpyioiuero 

MaTepHana. 



FlapaMeTpbi MeM6paH 


Be3 noKpbiTHH 


C noKpwTHeM i 


Othocht. 
H3MeHeHHe 

(+/-). % 


MaKCHMajibHbiM AHaMeTp 
nop Dm«x (mkm) 


2,6 


2.27 


- 1 2,692 


CpeHHMM unaMeTp nop D cp 
(mkm) 


1.9 


1.64 


-13.684 


FIponycKaHHe Bonbi npn H3- 

6bITOMHOM iiaBJieHHM B 2 aT- 

Moccfcepbi Qmo (AP=2 anvt) 
(/i/M 2 »Mac) 


* 

I 


38 000 


21 300 


43.95 


HcTMpaHMe (yHoc MaTepHa- 
na) (miVcm 2 ) 




20 


2 


90 


ra3onpoHHuaeMOCTb (%) 




100 


80 


-20 



KpoMe Toro, jxjxb MeTajuiJiHHecKHX MeM6paH H3 HepxcaBeiOLiieH crajuiw c pyTHJioBbiM 
noKpbiTHeM (nByxc/ioHHbix MeicM6paH), hmckdiuhx MeHbiuHH, qeM y mhcto ) MeTajuiHMecKHX, 

10 pa3Mep nop, HaHeceHMe noicpbbiTHH npMBOjun* k 6onee CHJibHOMy H3MeHeeHHK> HexoTopbix 
xapaKTepHCTHK. TaK HaHeceHwne Ha hhx nneHOMHoro noKpbtTHH H3 CHzfeCh (npnMep E) 
npHBOjiHT k chhjkchhio nponyycxaHHsi no BOiie npaKTHMecKH no nynn nppn hsGmtomhom 
jaaB/ieHHH 6onee MeM b 3 aTMaocc^epbi, ripM 3tom CHHxeeHHe o6mero npoonycicaHHJi mcm- 
6paHbi ocTaeTCH, xax h xuin o;xaHOcnoHHbix mhcto MeTajuiHMecKHX MeM6ppaH, b npenenax 

15 15... 20%. TaKMce HaSjuonaeTcca yBejiHMeHHe Ha nopanoK H3HOcocTofiKOocrH MeM6paHbi. 
CpaBHHTejibHbie xapaKTepHCTKHKH nopncToro cJmnbTpyiomero MaTepnanaa % nojiyneHHoro 
3asBJiHeMbiM cnoco6oM, npHBeejieHbt b Ta6jiHue 2. 

H3 aHajiH3a naHHbix, r npHBeneHHbix b Ta6jinuax I h 2, bhjiho,), mto nopncTbin 
(^HnbTpyioujHH MaTepwaji o6jinajiaeT noBbiujeHHOH H3HOCocTOHKocTbio. PKpoMe Toro, ero 

20 npHMeHeHHe npHBOHHT k chhhhcchhio nponycicaHHfl Bonw, b to BpeM* KKax nponycKaHwe 
no ocTajibHbtM KOMnaHeHTaM \ (o6mee nponycxaHHe) cHHacaeTcn MeHee, mmcm Ha neTBepTb. 
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BJiHflHMe njieHOHHoro noKpbiTHfl i Ha nponycKaHHe MeM6pa*iOH sonbi cyuxecxTBeHHo ycwiH- 
BaeTCH npw chh^hmh cpejiHero ppa3Mepa nop (JwjibTpyjouuero MaTepwana. 

Ta6iiMua 2. 

5 CpaBHHTem»Hbie xapaaicrepHCTHKH MeM6paH H3 nopHCToro <|)HJibT>Tpy!omero 

MaTepwajia. 



I TlapaMeTpbi MeM6paH 


Be3 noKpbiTHfl 


C nOKpblTHCM 


Othocht. I 
HsMeHeHHe 1 
(+/-), % 1 


MaKCMMaJIbHblH flMaMCTp 
J nop Dmax (MKM) 




0.8 




J CpenHHH xiHaMeTp nop D cp 
1 (mkm) 


0.1 


Menee 
0.09 


6onee 1 
-10 1 


J nponycKaHHe bohm npw H3- 

1 6bITOMHOM XiaBJICHMH B 0.5 

aTMOC^epbi Qmo (AP=0,5 
J aTM) (ji/m 2 * Mac) 


2 500 


He o6Hapy>KeHO • 


100 


| nponycKaHHe BOHbi npn M3- 

J SblTOHHOM jaaBJieHHH B 3 

I aTMOC^epbi Qhzo (AP=3 
J aTM) (ji/m 2 » nac) 


_* 


He o6Hapy>KeHO > 


* 1 


HcTHpaHHe (yHoc MaTepna- 
Lna) (Mr/CM 2 ) 


70-s-l 10 


7 


90 -T- 
93,64 


I ra3onpoHHuaeMOCTb (%) 


100 


85 


-15 



* napaMerp He onpeaermfljicfl. 
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<K>opMy.ia taoopemenuH 

1. Cnocoo nonvMeHHJi TBoepnoro KOH$opMHoro ajiMa3anoiio6Horo:) yrneponHoro 
noKpbiTHK. BioiK)HaioiJUMH njia3MaoxHMHHecKoe ocaauxemie yrjiepoiia H3 noDTOKa yr/iepon- 
conepacaninx aKTHBHbix nacTHU, < 4>opMwpyeMoro b njia3Me CBM-pa3piina B3 pexcuMe ajieic- 

5 TpoHHo-uHKJiOTpoHHoro peioHaHHca H3 ncxoBHoro yrnepoflcoixepacaiiieroo peareHTa Ha 

nOJUIOXCKy. BblHeceHHVlO H3 aKTHHBHOH 30Hbl nJia3MbI, OTJIHHaiOUUHHCH TeM, *tMTO B KaHCCTBC 

HcxojaHbix peareHTOB Hcnojib3VKiOT napbi mhctmx ynneBonoponoB, MOJieKKyJibi KOTopwx 

COHep>KaT aTOMbl XMMHMeCKHX 3JICICMCHTOB C BblCOKOM 3JieKTpOOTpHUaTejribHCOCTbIO. 

2. Cnoco6 no n.l, OTJiHHaajouuHHCfl TeM. mto b KaMecTBe iicxonHoroo peareHTa hc- 
10 nojib3yioT napbi Kiicnoponcoiiep/t>KauiHx yrjieBOnopojiOB. 

3. Cnocoo no n.l. OTnHMaaioujMHcs! TeM, mto b KanecTBe itcxonHoroo peareHTa hc- 
nojib3yK>T napbi rajioreHco.nep}Kaamiix ymeBonopojaoB. 

4. Cnocoo no n.l. OTmiMaaioLUHHCfl TeM. mto b KaMecTBe iicxonnorco peareHTa hc- 
nojib3yioT napbi zinxJiopMeTaHa. 

15 5. TBepzioe KOHc^opMHoe: ajiMa3onono6Hoe yrjieponHoe noKpbiTiie : Ha ocHOBe aji- 

wasonoflooHoro MaTepnajia.noJiyyMeHHoe no n. 1 m nn. 2- 4. oTJinnajoiiieecKfl TeM. mto oho 
HMeeT aMop(|)Hyio crpy KTy py , coAaepaotT BKJiiOMeHHa ajiMa3HOH 4>a3bi. a ajiMMasononooHbiu 
MaTepHaji npencraBJiaeT co6ofi mhiictwh yraepoii. 

6. TBepiioe KOHcJ>opMHoe x aunMa3onono6Hoe yrnepojiHoe nOKpbiTne : no n. 5. otjih- 
20 qaiouieec* TeM. mto oho ooHapyH/KHBaeT nioMMHecueHUHio b bmjihmom nnanaa30He cBeTa. 

7. TBepnoe KOHc^opMHoe r anMa3onono6Hoe yrjieponHoe noKpbiTMee no n. 5, otjih- 
qaiouueecH TeM. mto oho o6jianaaeT 3/ieicTpoconpoTHB.neHHeM. npeBbimaiouiUHM 3JieKTpoco- 
npoTHBJieHite npnponHoro ajiMaa3a n HMeeT aHUMajibHyio TeMnepaTVpHVKio 33bmcmmo ct b 
3JieKTpoconpOTHBJieHH*. 

25 8. TBepnoe KOHc£>opMHoe . ajiMa3onoiio6Hoe yrJieponHoe nOKpbrrne no n. 5. otjih- 

Haiotiieecn TeM. mto oho npo3paMMHO b HK-nnana30He ot 2 no 25 mkm. 

9. riopHCTbiR (|)HJibTpyioujJUHH MaTepnan, OTJiHMaioiuMMCH TeM. mto ooh HMeeT nopH- 
CTyio ochoby. Ha kotopom HaHecceHO TBepnoe KOH<|>opMHoe ajiMa3onoflooHHoe ymepoiiHoe 
nOKpbiTne no rt.l. 

30 10. riopHCTbifl (})HJibTpyKX)LUHM MaTepnan no n. 9. oTJiMMaioiuHHca ■ TeM. mto b ica- 

MeCTBe nOpHCTOH OCHOBbI HCnOJinb3VK)T KepaMHKV. 

1 1. riopHCTblH 4)HJIbTpVK>OUUHM MaTepwaJl no n. 9. OTJIHMaiOLUMWCfl * TeM. MTO B K3- 

MecTBe nopucTOH ocHOBbi Hcnojinb3VK>T MeTaji JiOKepaM hk y . 

12. riopHCTbifl c^HJibTpyiooujiiH MaTepnan no n. 9. OTJiHMaiouiHHCfl TeM. mto b Ka- 
35 MecTBe nopHCToii ocHOBbi Hcnojinb3VK>T MHitepanbHyio KepaMHKV. 
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A" noicyMciiT. onpcncjintoiUHft o6iuhh ypoaeHvtb tcxhhkh 
Cmnee pamiHft aoxyMeHT. ho onyomixoBaHiHHbiti Ha naTy 
MexenyHapoAHnfl noaaiH hjih nocne uee 

noKyucnT, oTHocfluiniica % yCTHOMy pacxpipUTHio, axcnoHH- 
poeaHHio m T.n. 
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